A Test of Cultural Treatments Selected to Improve the Chemical and Physical Characteristics of Reclaimed Surface Mine Spoil for the Growth of Loblolly Pine in East Tennessee by Simpson, Thomas L
University of Tennessee, Knoxville
Trace: Tennessee Research and Creative
Exchange
Masters Theses Graduate School
6-1978
A Test of Cultural Treatments Selected to Improve
the Chemical and Physical Characteristics of
Reclaimed Surface Mine Spoil for the Growth of
Loblolly Pine in East Tennessee
Thomas L. Simpson
University of Tennessee - Knoxville
This Thesis is brought to you for free and open access by the Graduate School at Trace: Tennessee Research and Creative Exchange. It has been
accepted for inclusion in Masters Theses by an authorized administrator of Trace: Tennessee Research and Creative Exchange. For more information,
please contact trace@utk.edu.
Recommended Citation
Simpson, Thomas L., "A Test of Cultural Treatments Selected to Improve the Chemical and Physical Characteristics of Reclaimed
Surface Mine Spoil for the Growth of Loblolly Pine in East Tennessee. " Master's Thesis, University of Tennessee, 1978.
https://trace.tennessee.edu/utk_gradthes/1050
To the Graduate Council:
I am submitting herewith a thesis written by Thomas L. Simpson entitled "A Test of Cultural Treatments
Selected to Improve the Chemical and Physical Characteristics of Reclaimed Surface Mine Spoil for the
Growth of Loblolly Pine in East Tennessee." I have examined the final electronic copy of this thesis for
form and content and recommend that it be accepted in partial fulfillment of the requirements for the
degree of Master of Science, with a major in Forestry.
Edward R. Buckner, Major Professor
We have read this thesis and recommend its acceptance:
Ronald L. Hay, Maxwell E. Springer
Accepted for the Council:
Dixie L. Thompson
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)
To the Graduate Council: 
I am submitting a thesis written by Thomas L. Simpson entitled 
"A Test of Cultural T reatments Selected to Improve the Chemical and 
Physical Characteristics of Reclaimed Surface Mine Spoil for the 
Growth of Loblolly Pine in East Tennessee. II I recommend that it 
be accepted in partial fulfillment of the requirements for the degree 
of Master of Science, with a major in Forestry. 
We have read this thesis and 
recommend its acceptance: 
�/.-JI¥ 
Edwar 
Accepted for the Council: 
U.T. Archlvelf 
\fle::� 'I� 
J� 
A TEST OF  CULTURAL TREATMENTS SELECTED TO IMPROVE THE CHEMICAL AND 
PHYS ICAL CHARACTERIST I CS OF RECLAIMED SURFACE M INE SPOI L 
FOR THE GROWTH OF LOBLOLLY P I NE I N  EAST TENNESSEE 
A Thes i s  
Presented for the 
Master of Science 
Degree 
The Un i versi ty of Tennessee, Knoxvil le 
Thomas L. S impson 
June 1 978 
ACKNOWLEDGEMENTS  
The author wishes to express his appreci ation to  the fo l l owing: 
Dr . Edward R. Buckne r,  Associate Profess or,  Forestry ,  for his 
guida nce , techni cal assis tance , and expe rtise. Dr.  Buckner1s encourage­
ment and advice hel ped the author throughout hi s co l l ege endeavor .  
Dr . Ronal d  L. Hay , Associate Professor,  Fores try , for his 
gui dance and  assis tance while  serv i ng as a commi ttee member . 
Dr . Maxwe ll  E. Spri nger , Professor,  P l an t  and Soil Sc i ence , for 
his guidance and ass i s tance while  serv i ng as a committee member. 
The Hiwassee Land Company for maki ng avail abl e their l and and 
for genera l support of the proj ect ,  with part i cu lar  thanks to Mr. Jim 
Hi l l  for furnishi ng seed l ings and for his genera l  assistance . 
The Tennessee Mountai n  Management Company for making  avail a bl e  
l and and for genera l support of the proj ect , with particul a r  thanks to 
Mr . Bob Rusk for his hel p  in col l ecting fie l d  data. 
Mr .  Charles Bl i nn ,  Mrs . Janet Howel l ,  and t·1r. Al an Mayfi el d 
for the i r  encouragement and assi stance i n  col l ecting fi e l d  data . 
The writer a lso  wishes to express his gratitude to his wife ,  
L"inda , for her hel p  "in typi ng and for �er patience and support through­
out his Master's p rogram, 
i i  
ABSTRACT 
Three surface mi ne spoi l areas i n  East Tennessee were sel ected 
for test i ng the i nf l uence of the State rec l an�ti on requi rements and 
se l ected suppl ementary treatments on the surv i va l  and growth of p i nes 
recommended for planti ng on vari ous si tes. A h i gh el evat ion ( 2 , 800 
feet ) test near Caryv i l l e ,  Tennessee, was d i scarded because of poor 
survi va l  of whi te p i ne and s i te mod i fi cati on by contractors worki ng i n  
the area. 
Fert i l i zer tests on two establ i shed l ob l o l l y  p i ne p l antati ons , 
one on new and the other on o l d spoi l  from mi n i ng the Sewanee coa l seam 
near Cag l e ,  Tennessee ( 1 .850 feet) ,  i ndi cated that N add i t i ons of both 50 
and 1 00 pounds per acre i ncreased growth; response durati on appeared to 
i ncrease when P was added . On the o l der spo i l l im i ng appeared to 
decrease response to N ,  espec i a l ly  at 4 tons per acre (State requi re­
ment) . On new spoi l the greatest g rowth was i n  p l ots rece i vi ng N wi th 
2 tons of l i me per acre; growth was l ess when l i me was added at 4 tons 
per acre . 
Trees on the o l der spoi l were heavi ly mycorrhi zal wi th  P i so l i thus 
t i nctori us whi l e  ;trees on the younger spoi l were essenti a l ly non­
mycorrhi za l , possi b ly  account i ng for g reater v i gor and growth on the 
o l der spoi l and the absence of a response to l imi ng . \�i nter i njury 
(1 976-1 977) was greater i n  those trees that g rew most rap i d l y  duri ng 
the previ ous" growi ng season� espec i a l l y  i n  the older p l anti ng. 
; i i 
On a surface mine near Oliver Springs, Tennessee (2,250 feet 
ele vation), application of a wetting agent and/or a NP fertilizer to 
the soil appeared to increase growth of trees but survi val decreased 
when either were applied to loblolly pine at planting time. Seedlings 
inoclJlated with mycorrhizal fungi survi ved better and grew more than 
those not inoculated. Grass density appeared to be the primary factor 
influencing seedling survi val, with high mortality in dense lovegrass. 
i v  
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CHAPTER I 
I NTRODUCTION 
The revegetat i on of surface mi nes i s  a probl em c l ose l y  rel ated 
to the current energy cri s i s. Coa l i s  the s i ngl e energy source for 
whi ch there i s  both a known sup p l y  suffi c ient to meet our energy needs 
for severa l decades and for whi ch the technol ogy of acqui si t i on and 
uti l i zati on have been devel oped. Thi s ,  coup l ed wi th the l a g  i n  devel op­
ment of other energy sources , has stimul ated renewed effo rts to exp l o i t  
the readi l y  ava i l abl e coal  reserves. The fas tes t ,  cheapest ,  and safest 
method for obtai n i ng coa l i s  through surface mi n i ng; a proces s that i s  
h i ghl y des tructive of envi ronmenta l  qua l i ty. The cri t ica l  na ture of our 
energy probl ems wil l probabl y resul t i n  a marked i ncrease i n  the amount 
of surface mi ni ng throughout North Ameri ca , espec i a l l y  as research 
devel ops new and c leaner methods for obtai ni ng energy from coa l .  
The l a rgest s i ng l e  p robl em associ ated wi th thi s expandi ng 
i ndustry wi l l  be the rec l amati on of surface mi ned areas  to meet the 
demands for improved envi ronmental qua l i ty. Al l states i n  whi ch surface 
mi n i ng i s  wi del y  practi ced now requi re some form of recl amati on. There 
i s, however, cons i derabl e d i sagreement over the ecol og i ca l  des i ra bi l i ty 
and economi c feas i bi l i ty of many of  the requi rements now enforced. 
Imp l ementati on i s  further handi capped by the frequent cha nges i n  rec l ama­
t ion  requi rements. Frequent updati ng of regul ati ons to refl ect i mproved 
technol ogy and greater knowl edge ga i ned from experi ence are, however, 
1 
essential to a viabl e rec l amation program. 
A major prob l em in minimizing the environmental impact of 
surface mining is the rapid erosion that occurs immediatel y  fol l ow­
ing gra ding of the steep sl opes that characterize most of t he contour 
mines of East Tennessee. High fertil ity l evel s and pH above 6 . 0 are 
needed for the rapid establ ishment,of grass species that  provi de the 
init i a l  cover on rec l aimed surface mines . Dense sod may, however, 
be detrimenta l  to the establ ishment and early growth of the trees 
that are needed for l ong  term stabi l ity. Since most l aws do not 
require maintenance of t he gras� cover establ ished in the initial 
rec l amation, the establ ishment of a vigorous forest cover is essential 
to l ong term stabil ization . 
A high p riority need in.surface mine tec hnol ogy for East 
Tennessee is the devel opment·of guidel ines for app l ying fertil izers 
a nd l ime based on the physic a l  a nd chemica l properties of a particu l ar 
mine spoil such that adequate g rass cover can be rapidl y  establ ished 
but not to the detriment of p l anted trees that wil l  eventua l ly rep l ace 
t he g rasses in stabi l izing the site. 
2 
CHAPTER I I  
L ITERATURE REV I EW 
The factors affecting the establ ishment and growth of forest 
tree species on surface mine spoil are high l y variabl e  and often 
difficul t to anal yze. Tree growth on mine spoil is infl uenced by such 
variabl es as l ow concentrations of soil nutrients , toxic quantities of 
some meta l lic e l emen ts ,  soil temperature and pH extremes , l ow organic 
matter,  l ow soil moisture, and poor texture (Marx,  1 975; Medve , 1 976 ) .  
Othe r conditions that characterize these sites are : no shade , no soil 
l ife , l ack  of competition with other p l ants during earl y devel opment , 
and a l oose soil structure that al l ows rapid and deep root growth 
( Knabe , 1 964) . Limstrom (1 964) divided the prob l ems encountered in 
revegetating surface mine spoil into two area s :  site probl ems such as 
texture , aggregation , acidity , topography, grading , and vegetation,  
and  pl anting p robl ems such as  species se l ection , methods of p l anting , 
planting s tock qua l ity, and erosion contro l .  
Nutrient deficiencies are often a serious probl em in surface 
mine spoil s .  An estimate of the annual nutrient requirements of 
forest trees was prov i ded by Gessel l et a l . ( 1 960 ) :  
Nitrogen : 
Phosphorus : 
Potassium : 
Cal cium : 
1 5-60 pounds  per acre 
2-20 pounds  per acre 
5-50 pounds  per acre 
20-1 00 pound s  per acre 
Nitrogen is most commonl y  l imiting to tree growth on spoil 
banks (Schramm, 1 966; Duffy!, 1 967; Fowel l s  and Krauss ,  1 959; Cornwel l 
3 
and Stone, 196B}. Low phosphorus levels also limit tree growth on 
surface mine spoil in East Tennessee (Zarger, 1977). Most researchers 
ha ve found that the best tree growth on mine spoil is obtained by 
applying both nitrogen and phosphorus ( Bengtson et al., 1973 ; Farmer 
et al., 1970; Plass and Vogel, 1973 ; May et al., 1973 ). However, 
nmny times the problem lies not with the limiting elements, but with 
large quantities of metallic ions at toxic levels. 
The elements most often present in toxic quantities are 
aluminum, manganese, iron, copper, and zinc ( Plass, 1969; Barnhise 1 
and Massey, 1969; Berg and Vogel, 1965). Barnhisel and Armine ( 1974) 
subjected kaolinite and mica clay minerals to coal mine solutions o f  
sulfuric acid and reported that aluminum, iron, potassium, and silicon 
were released. They explained toxic le vels of aluminum ions in 
surface mine spoils as the dissolution product of clay minerals in 
acid solutions. Aluminum was at toxic levels in plants where soil pH 
was 5.5 and below ( Berg and Vogel, 1973 ). 
Harabin and Greszta ( 1973 ) ' found that tree roots growing in 
toxic material had shortened lateral roots. They concluded that trees 
were unable to replace the rootlets and root hairs with sufficient 
speed for normal growth in toxic spoils. 
Acidity and phytotoxicity are the major causes of poor survi val 
and growth on surface mines (Wheeler, 1965; Horn, 196B; Berg, 1965). 
The establishment of  vegetation is extremely di fficult with pH below 
4.0. Lowry (1960) studied the survival and growth o f  several conifer 
species on surface mine spoil in Ohio and deri ved the following equa­
tion for survi val based on soil moisture, sand content, and soil 
acidity: 
4 
Where : 
... 
y = - 356 . 28 + 1 4 . 2'2 X l + 2 . 40 X2 + 1 8 . 7 1  X3 
" 
Y = Predi cted survi val (% ) 
Xl = Moisture equ i va l ent (% ) 
X2 = Sand content (% ) 
X3 = Soi l aci di ty (coded ) 
pH 2 . 0-3 . 0  2 
3 . 0-4 . 0  3 
4 . 0- 5 . 0 4 
5.0-6. 0  5 
6 . 0-7 . 0  4 
This formula  i ndi cates that pH above 6 . 0 resul ts i n  decreased survi va l  
of  coni ferous trees . 
Surface mine  spoi l i n  the Centra l  States was c lass i f i ed by 
L i mstrom (1 960 ) as fol l ows : 
Tox i c : spoi l s  havi ng greater than 75  percent of area 
wi th  pH less than 4 . 0  
Marg i na l : spoi l s  having 50-75 percent of area wi th pH l ess 
than 4 . 0  
Aci d :  spo i l s  havi ng g reater than 5 0  percent of area wi th 
pH 4 . 0-6 . 9  
Ca1 car- spoi l s  hav i ng greater than 50 percent of area 
eous : wi th pH 7 . 0  or above 
M ixed : aci d ity val ues so var iab l e t hat c l assi fi cation 
i s  not possib l e .  
Another soi l  c lassi f ication of spoi l material  was made by 
Ruffiner  ( 1 965 ) :  
S l i ghtly aci d :  pH i s  domi nantly 5 . 5 or better and p l ant 
performance i s  general l y  good 
Moderately  aci d :  pH i s  between 4 . 0 and 5 . 5  and spoi l �ay have 
a few extremely aci d  IIs1 i ck spots II from 
pyri tes 
5 
Extremely  aci d :  (tox i c )  pH i s  domi nantl y  bel ow 4 . 0  and may 
have numerous "sl i ck spots. 1I 
Soi l  temperature extremes a l so pose ser ious probl ems i n  
establ ishi ng  trees on surface mi ne spoi l .  Schramm ( 1 966 ) found that 
so i l  temperature was the l imi t ing  factor controlli ng tree g rowth i n  
the black wastes of anthraci te coal mi nes. He Y'eported surface 
temperatures of 67 C whi l e  a i r  temperatures were 31 C� He concluded: 
The temperature hazard to p l ants attempti ng to gai n  a foothold 
on bl ack wastes thus is i nt imately connected wi th the presence 
and depth of dry surface l ayers. I n  any g i ven waste area these 
i n  turn are dependent  on amount, frequency , and spaci ng of 
preci p i tati on , i nsol ation between rai ns , a i r  temperature , wi nd 
veloci ty ,  abso lute humid i ty ,  etc . 
Deely and Borden ( 1 973 ) found that three to seven days wi thout 
rai n  was suffi c i ent for surface temperatures of mi ne  spo i l to reach 
5 0-55 C whi l e  t he a i r temperature ran ged from 30-33  C. Darker soi l  
exh i bi ted maximum surface temperatures of 7 0  C; t he average temperature 
di fference between li g ht and dark spoi ls was about 1 5  C .  T hese authors 
also found that the maximum surface temperatures i ncreased at an 
average rate of 2-4 degrees C per day for the f i rst s i x  to ten days 
after a rai n .  
Magui re ( 1 955) reported that maxi mum surface temperatures 
occurred approxi mate ly e i g h t  days after an i nch  of moisture duri ng  the 
summer months and after a sli ghtly longer dryi n g  period duri ng  the 
wi nter months. Rai n  will often lower the surface temperature as much 
as 5 0  F, but after fi ve to s i xteen  days wi t hout rai n ,  maximum surface 
temperatures aga i n  are reached. Young  coni fer  seedli ngs d i ed at sur-
face temperatures of 1 47 to 1 52 F. 
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Surface soi l temperatures a re i nfl uenced by i sol a tion whi ch i n  
turn i s  re l a ted to aspect and exposure . Loblol ly p i ne (Pi nus taeda L. ) 
seeded on surface m ine spoi ls  grew 88 percent ta l l er on the south 
sl opes than on northern exposures (Thor and Kri ng , 1 964). P l a nted 
trees had a 41 percent he i g ht advantage on southern exposures compared 
to northern s lopes .  Steep north s lopes were exposed to l ess l i g ht 
i ntensi ty ,  thus the photosyntheti c  rate was s lower . Al so ,  the early 
wa rmi ng of soi l on the southern exposures resul ted in a longer growi ng 
season . 
Thompson (1 97 1 ) found that the surface temperature on deep mi ne 
coal  refuse banks was affected primari ly by the ambi ent a i r temperature 
and the d i recti on of the wi nd a nd only secondari ly by the s lope and 
aspect of the spoi l .  
Other variabl es that affect surv i va l  and growth on surface 
mine spoi l s  are stoni ness , texture , and stabi l i ty of s lope  (Czapowskyj , 
1 973; Lowry , 1 960; L imstrom, 1 964; Marx, 1 97 5 ). Lobl ol ly p i ne seed­
l i ngs p l ant�d on spoi l s  are a l so suscepti bl e to frost heav i ng duri ng 
the wi nter months (Zarger , 1 973 ) .  
The benefi ts of applyi ng ferti l i zers on forest soi l s has been 
wel l  doc umented . However , app l i cations on surface mi ne spoi l requ i res 
knowl edge of the chemi cal  and p hys i ca l  characte ri stics of both the 
ferti l i zers and the soi l . Baker (1 97 2 )  reported that some soi l s  have 
exc hange and reserve ac i d  p roperti es capabl e of wi thstandi ng heavy 
app l i cati ons of a l ka l i ne-produc i ng substances ,  suc h as urea , wi thout 
adverse effects . . He found that soi l s  w ith l arge proportions of the 
tota l aci dity i n  a n  exc hangeabl e form cannot wi thstand excessi ve use of 
7 
urea-type ferti l i zers wi thout a l teri ng  the equi l i br ium of the soi l 
and adversely i nfl uenci ng the so l ub i l i ty and avai l abi l i ty of essential 
nutri ents. 
On aci d  si tes , urea (NH3), wi l l  i ncrease pH due to the a lka l i ne 
soi l so l uti ons produced by the hydrolysis of thi s ferti l i zer  ( Beaton , 
1973). El ements such as K, Ca, Na , and Mg are disp l aced by this urea 
sol ution . Phosp horus shoul d be app l i ed i n  the form of ordi nary or 
superphosphate to he l p immobi l i ze a l umi num and to reduce t he mob i l i ty 
of th is  e l ement i n  the p l ant .  
larger (1964) reported that ammoni um n i trate y i e l ds the greatest 
percentage of p 1antab1 e seed l i ngs, greatest hei g hts , stem diameters , 
and dry wei ghts of p i ne nursery stock. However,  Bengtson (1973) found 
that the l ow n i trogen recoveri es from ammon ium n i trate by young p i nes 
i n  M ississi pp i  suggest that l eachi ng and den i tr if icati on coul d  amount 
to as much n i trogen l oss as the volati l e  l oss of ammonia from hydrolyz-
, 
i ng urea. He a l so warned that the ammoni um forms of n i trogen can 
i nduce p hysi olog i cal  drought by the osmoti c effects of sol ubl e sal ts ,  
as wel l as contribute to the movement of soi l cati ons i n  perco l ati ng 
water ,  l eadi ng to both dep l eti on of bases i n  the upper hori zon and 
i ncreased soi l aci di ty .  
S ludge has a mean N-P-K composi tion'of approxi mately 2.4M2.3-0.3 
(Gagnon, 1973). The advantages of s l udge  i ncl ude a s lowly rel easi ng 
nutrient base for l ong  l asti ng  effects , the capaci ty to retai n water 
, 
duri n g  dry periods , and a more read i ly avai l ab l e form of n i trogen. 
Ni trogen uptake by young p i nes is affected by ( l ) herbaceous 
competi ti on, and (2) time of app l i cation ( Baker et al . , 1974). When 
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fertil ized at age three, about 46 percent of the nitrogen was 
util ized by pines and 27 percent was absorbed by the herbaceous 
competition. When fertil ized at age four, the herbaceous competition 
was greater ,  resul ting in a 58 percent nitrogen recovery by the 
herbaceous p l ants and a 1 4  percent recovery by the pines. 
Farmer et a 1 .  (1 970) reported that l ob l ol l y  pine responded to 
fertil izers in the second and third year afte r app l ication but that a 
diminished effect  occurred in the fourth and fifth years. He a ttri­
buted this to the decl ining infl uence of nitrogen . 
Lobl o l l y  p ine seed l i ngs g rew best  on kaol in-cl ay spoil s when 
fertil ized with a compl ete ferti l izer fol l owed by a second appl ication 
in the third or fifth year (May, 1 97 7 )  • .  When pl anted with a ground 
cover, however ,  ferti l i zed pines grew mo re s l owl y due to competition. 
Nutrients can a l so be suppl ied from natura l sources. Nitrogen 
fixation is greatest at soil temperatures of 1 5  to 25 C (Wol l um and 
Daveys 1 97 5 ) .  N itrification is optimum between p H  6 . 5  t o  7.5; when pH 
is bel ow 3.7 the process fail s to function (Wil son and Stewart , 1 955 ) .  
Ammonia tends to accumu l a te in acid spoil s but i s  l ow in neutral or 
a l ka l ine spoil s. 
Fossil ni trogen is rel eased from certain Pennsyl vanian  sha l es 
in the form of fixed ammonium ( Cornwel l �nd Stone, 1 968 ) .  Intense 
weatheri ng destroys the sil icate l attices of carbonaceous sha l es,  
rel easing fixed ammonium and other nitrogenous organic compounds .  
, 
Spoil s l ow in oxidizab l e  sul fur do  not undergo much sil i cate destruc-
tion , hence there is l ittl e rel ease of nitrogens regardl ess of total 
content or form. 
9 
Most fert i l i zer  app l i cati ons on surface m i ne spoi ls i nclude the 
use of lime . The benefi ts of li mi ng  aci d  spoi l s  are (1 ) adjusti ng 
10 
the base saturati on on the exchange complex of soi l colloids ,  (2 ) 
neutral izi ng the excess aci di ty ,  and (3 ) i nh ib i ti ng tox i c  concentrations 
of elements (Czapowskyj, 1 973 ) .  
P l ass ( 1 969 ) found that l i me reduced the toxic i ty of Mn , Fe ,  Cu , 
and Z n .  He noti ced that f ive  tons of lime per ac re gave the best 
growth but: 
Growth after the 1 0  ton per acre treatment was a l ways l ess 
than after the other treatments. Also , the concentration 
of a l l e l ements except  calci um ,  potassi um ,  a l umi num, and 
n i trogen was s i gn i fi cantly reduced by thi s treatment. 
Therefore , heavy limi n g  appears to have  i nterfered wi th the 
absorption of essenti al nutri ents. 
May et a1 . ( 1 973 ) found that one ton of li me per acre raised the 
pH of a kaoli n-clay spoi l from 4 . 8  to 6 . 2 to a depth of 1 5  cm , and 
two tons per acre raised the pH above 7 . 0 ,  preci p i tati ng a l umi num .  
Ectomycorrhi za1  fungi , parti cul arly P i sol i thus ti nctori us ,  are 
common on the roots of trees i n  forest envi ronments and especi ally on 
adverse si tes suc h as severe ly  e roded soi l s  and surface mi ne spoi ls 
(Marx , 1 97 5 ,  1 977 ) .  These fung i  have above-ground fru i t i ng bodi es 
(basi diocarps ) from whi ch  spores are dissem i nated by wi nd and water 
(Medv e ,  1 976 ) . An extensi ve hyp hal system permeates a l arge soi l  volume 
and penetrates the root tissues of the host p l ant (Hacskaylo , 1 972 ) .  
Numerous studi es have shown that mycorrhi zal  trees exhibi t 
greater nutri ent uptake, more rap i d  growth ,  g reater resistance to soi l 
pH and temperature extremes , i nc reased droug ht resistance ,  and 
i ncreased disease resistance over non-mycorrhi zal trees (Mi ko l a ,  1 973; 
Marx, 1 969, 1 970 ,  1 97 5; Marx and Bryan, 1 97 1 ;  Marx and Zak, 1 965; 
Vozzo and Hacskay 1 0, 1 97 1 ) .  
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The extens i ve hyp hal network of mycorrhi zal trees effecti ve ly  
i ncreases the absorption surface of  roots by 20  to 30  times (McComb , 
1 943 ). This  i ncreas�d root surface resu l ts i n  g reater nutri ent 
absorpt ion by the host p l ant (Gray� 1 969; Hacskayl o, 1 97 2; Vogt, 1 969) .  
N itrogen, phosp horus� and potassi um are absorbed more readi ly  by mycor­
rhi zal pl ants (Harley, 1 959; Marx and Bryan, 1 97 5; S lankis, 1 97 3 ) .  
Al thoug h  non-mycorrh i zal roots are as effect ive as mycorrhi zal 
roots i n  the uptake of p hosphorus, non-mycorrhi zal roots qui ckly 
depl ete t he smal l soi l vol ume around the root (Hacskayl o� 1 969 ) .  In  
contrast, mycorrhi zal roots conti nue  to promote mycel ial extensi ons 
and absorb a cont i nua l  supp ly from a much l a rger soi l  vol ume. 
Al though the fungal myce l i um absorbs more total p hosphorus, 
only 1 0  percent actual l y  reaches the p l ant; i . e . ,  t he fungus absorption 
to host transfer is at the rate of n i ne to one (Mejstrik and Krause, 
1 97 3; Har l ey ,  1 959 ) .  The fungal sheath acts as a pri mary reservoi r of 
accumu l ated nutri ents from whi c h  phosphorus stead i l y  passes to the 
host p l ant. 
I t  i s  argued, however, that the mycorrhi zal p l ants wi l l  absorb 
more phosphorus than non-mycorrhi zal p l ants, especial ly  when the 
, 
surroundi ng soi l med i um is l ow i n  that e l ement (Kormaik  et a l . ,  1 977 ) .  
Thus, i f  an e l ement i s  defi c i ent and l i mi ti ng  p l ant  g rowth that e l ement 
wi l l  l i kel y  appear i n  hi g her concentrations i n  mycorrh i zal p l ants. 
Ti ssue  anal ysis of mycorrhi zal p i nes showed 86 percent more n i trogen, 
234 percent more p hosphorus, and 7 5  percent more potassi um than 
1 2  
non-mycorrhizal p i nes (Hacskay 10 ,  1 967 ).  
McComb (1 943 ) observ�d that (1 ) mycorrhi za l  p i ne seed l i ngs had 
wei g hts doubl e those of non-mycorrhi za l seedl i ngs  and (2 ) tota l heig ht 
of mycorrh i za l  seedl i ngs wa s 35  percent greater than non-mycorrhi za l 
s eedli ngs. After three growi ng seasons, mycorrhi zal  s l as h  p i ne (Pi nus 
el l i otti .i  Enge1m. )  grew up  to  e i ght feet ta l l  wh i l e  non-mycorrhi zal  
pi nes grew on l y  one foot ta l l (Vozzo and Hacs kayl o, 1 97 1 ) .  The 
ferti l i zed but non-mycorrhi za l  p i nes became s tunted and chl orotic  wh i l e  
the non-fert i l i zed but mycorrhi za l  seedl i ng s  were l arger and more 
v i gorous. 
One of the greatest benefi ts of mycorrh i zae  to p l a nti ngs on 
surface mi ne spoi l i s  i ncreased surv iva l .  Surv i va l  of P i sol i thus 
t i nctori us i nfected trees was 49 percent on a Kentuc ky coal mi ne spoi l 
whi l e  i n  non-mycorrhi za l  pi nes or  those wi th Thel ephora terres tri s 
surv i va l  was onl y 1 percent (Marx , 1 977 ) .  Shoul ders (1 97 2 )  found that 
s l ash  p i ne survi va l  i ncreased by one-thi rd when i nocul ated wi th 
mycorrhi zae. He concl uded : 
Mycorrhi zae e i ther were themsel ves respons i bl e  for the hi gher 
survi va l  of i nocula ted seed l i ngs  or i nfl uenced survi va l  by 
mod i fyi ng chemical  compos i t i on of the p l anti ng s tock ,  
especi a l l y  ni trogen-phosp horus rat i os i n  roots and need l es. 
P i sol ithus ti nctori us increased surv i val  of l ob lo l l y  p i ne 
seed l i ngs by 34 percent and Vi rgin i a p i ne (Pinus v i rg i n i ana Mi l l . ) by 
36 percent over simi lar  seed l i ngs  i nfected wi th Thelephora terrestri s  
or steril e p i nes (Marx, 1 97 5 ) . 
The greater surv i va l  rate of mycQrrhi za l  trees on surface mi nes 
is l i ke l y  due to the protecti on t he fungus affords  the tree from 
extremes of soi l pH and temperature . Marx and Zak ( 1 965 ) concl uded 
that the mycorrh i za l  hyp hae, are abl e  to buffer t he h i g h  concentrati ons 
of i ron and al umi num present i n  spoi l s  hav i ng l ow pH. Marx ( 1 977 ) 
found that mycorrhi zal pine seedl i ngs grew wel l  i n  spoi l wi th a pH 
as low as 3.4 to 3 . 8 .  
After f i ve weeks dur i ng whi c h  root substrate temperatures were 
hel d  at 40 C, 45 percent of non-mycorrhi zal l ob l ol l y  p i n e  seedl i ngs 
surv i  ved whi 1 e 90 to 95 percent of the mycorrhi za 1 ones l i  ved (Marx 
and Bryan , 1 97 1 ) .  Heat resi stance of roots i s  espec ia l l y  benefic ia l  
for surface mi ne p l anti ngs where h igh  soi l temperatures often destroy 
enti re p lanti ngs ( Marx , 1 97 5 ) . 
Schramm ( 1 955 ) concl uded that al l pi ne tre"es p l anted i n  coal 
mi ne  b l ack  wastes and subjected to h i gh temperatures qui c kly succumbed 
or became stunted . He corre l ated seedl i ng survi va l  di rectl y  to t he 
presence of mycorrh i zae .  
Mycorrhi zae a l so i ncrease drought resi stance (Marx , 1 975 ) .  The 
i noCU l at ion of seed l i ng stock i n  nurseri es reduces the trauma of f i e l d  
env i ronmental condi ti ons due primari ly to the resistance o f  fungal 
roots to drought (M i ko1 a ,  1 973 ) .  
Mycorrhi zae protect the roots from many d iseases and pathogens . 
The fungal mantl e  of ectotroph i c  mycorrhi zae provides a mechani cal and 
chemi cal barri er ,  preventi ng penetrati on of root ti ssues by h i g hl y. 
i nfect i ve vegetati ve mycel i um and germ tubes of zoospores of certai n 
pathogens (Marx , 1 970 ) .  S l ash p i ne, for i nstance , can be p rotected 
from Phytophthora c i nnamoni  (a  pathogen wh i c h  i nfects succul ent feeder 
roots ) by i nocu l ati on of several mycorrhi zal forms ( Ross and Marx , 
1 3  
1 972;  Marx, 1 969; Marx and Davey, 1 969 ). Non- i nocula ted seed l i ngs had 
l ower stem, fol i ar, and drY,wei ghts , fewer l atera l roots, and became 
chl oroti c. 
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Prol onged water impoundments , severe f i res , and toxic  chemica l s  
used to control weeds, i ns ects3 and para s i t i c  fungi may k i  1 1  or reta rd 
the growth of mycorrhi zae (Wi l de ,  1 954 ).  H i gh so i l ferti l i ty a l so 
tends to e l i m i nate the fungus ( Hacs kay1 0, 1 969 ) . H i gh so i l concentra­
t i ons of n i trogen and phosphorus decreased the number of mycorrhi za l 
roots i n  l ob l olly p i ne (Marx et al . ,  1 97 7 ). Ri chards (1961 ) found that 
neutral or a l ka l i ne soi l s  retard mycorrhi za l  development because of 
the h i gher amounts of N found i n  these so i l s. 
CHAPT ER I I I  
OBJECT IVES 
The objectives of this study were : 
( l ) To eva l ua te recl amation regul ation s concerning fertil i zers 
and l i me now i n  effect in Ten nessee as they affect tree 
growth. 
( 2) To esta bl i sh l i me and ferti l izer rates benefici a l  to the 
survival and g rowth of l obl ol l y  pine on surface mines in 
East Tennessee. 
(3 ) To eva l uate a wetting agent and mycorrhiza l i noculations 
as methods for increasing surviva l and growth of l obl ol l y  
pine on surface mi nes in East Tennessee. 
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CHAPTER IV 
METHODS AND MATERIALS 
Three study l oca ti ons were sel ected on recentl y graded surfa ce 
moines i n  East Tennessee. The i n tent was to conduct  the study on 
several d i fferent surfa ce mi nes at d i fferent e levati ons and i n  d i fferent 
stages of rec l amation . The fi rst was i n  the Cumber l and Mounta i ns about 
1 2  mi l es west of Ca ryv i l l e, Tennessee . The second l ocati on was on the 
Cumberl and P l a teau, approxi matel y e ight mi l es west of Cag l e, Tennessee� 
and the thi rd was i n  the Cumberl and Mounta i ns approxi mate l y  1 2  mi l es 
northwest of Ol i ver Springs, Te nnessee . 
A .  Caryv i l l e  Study Location 
1. Desc r i pt i on of Area 
The Caryvi l l e l ocati on was at an e l evati on of approx i matel y 
2,800 feet . Because th i s  e l evat i on i s  above the recommended e levati on 
for l ob l ol l y  pi ne, eastern wh i te p i ne ( Pi nus strobus L . ) was p l anted 
on May 1 ,  1 97 6. Due to poor survi va l  and d i sturbances by contractors 
thi s  experiment was l a ter  d ropped from the study. 
B .  Cag l e  Study Locat i on 
1 .  Descript i on of Area 
The Ca g le  l ocat i on represented a surface mi ne a l ready graded 
and p lanted to loblol l y  p i ne .  Asi de from these acti v i t i es, State 
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rec l amati on requi rements had not been met . Two di fferent study si tes 
were estab l ished: ( 1 ) a young m i ne spoil on whi c h  1-0 seed l i ngs were 
p l anted i n  1 975 , and (2 ) on o l der spoi l p l anted i n  1 974 .  The l and 
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was owned by H iwassee Land Company and p l anti ng was done by thei r 
personnel .  The o l der  p l anti ng had a northern aspect wi th a sl ope of 
approxi mate l y  1 5  percent ,  whi l e  the younger p l ant ing was undul ati ng but 
general ly  faced southwest wi th an average sl ope of approx imatel y  20 
percent .  The e l evati on of both p l anti ngs was approxi mately 1 ,850 feet. 
The coal seam mi ned was the Sewanee , the spo i l from whi c h  i s  general ly  
ac i d .  
T he soi l s  a t  both s i tes were non-skel eta l 1 0ams wi th  rocks 
comprised mostly of s hal es . The average pH of the spoi l i n  the ol der 
p l anti n g  was 3 . 8� whi l e  i n  the younger p l anti ng i t  averaged 3 . 64 .  
P hosp horus l evel s i n  the o lder spoi l were 3 . 5  pounds per  acre and 1 9  
pounds per acre i n  the  younger spoi l to a depth  of s i x  i nc hes . Potassi um 
ranged from 1 42 pounds per acre i n  the o l der spoi l to 1 1 1  pounds per 
acre i n  the younger spoi l (Appendi x  B ,  Tabl es B-2 and B-3 ) .  For 
agr i cu l tural crops the soi l l evels  of phosphorus were very l ow to medium 
whi le  the potassium l eve ls  were medi um. 
I n  the o l der p lanting tree surv i val was uni formly good wi th an 
average hei ght  of 5 . 1  feet at the time of study establ i s hment. The 
trees were heav i ly mycorrh i zal , evi denced by numerous above-ground 
frui t i ng  bod ies (basi d iocarps ) . Random sampl es of p i ne roots i nd i cated 
that the fungus was P isol i thus t i nctori us .  
Survi va l  i n  the younger p l anti ng  was sporati c . T he average 
tree hei g ht at the t ime of study establ i shment was 1 . 6 feet.  Trees 
showed no evi dence of mycorrhi zae unt i l  l a te i n  the second yea r  of 
the study. 
2. Treatments and Data Col l ecti on 
In June, 1 976 ,  56 p l ots ( each 0.035 acres i n  s i ze ) were 
establ ished at Cag l e. Fert i l i zers ,  l ime, and g rasses were app l i ed 
fol l owi ng Sta te requi rements on  June 1 5  and 1 6, 1 976. These were: 
( 1 ) Grass p l anted at the rate of 50 pounds per acre of 
scari fi ed Seric i a  l espedeza ( Lespedeza cuneata ( Dumont ) 
E .  Don. ) and  25 pounds per acre of ta l l  fescue ( Festuca 
arundubaceae Schreb. ). 
( 2 ) Ferti l i zer at 1 , 000 pounds of 1 0- 1 0- 1 0  per acre . 
( 3 ) Li me at  four tons per acre. 
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A randomi zed compl ete bl ock arrangement was used wi th two rep l i cati ons' 
i n  eac h  p l anti ng , for a tota l of four rep l icati ons for each treatment. 
Tab l e  1 g i ves a descri pti on of t he 1 4  treatments used, and  F i gure 1 i s  
a schemat i c  d iagram o f  t h e  experimenta l  p l ot l ayout . 
Ni trogen was app l i ed as ammoni um n i trate ( NH4N03 ) , phosp horus 
as concentrated superphosphate (Ca ( H2P04 ) 2 ) ' a nd potassium as muri ate 
of potash ( K20 ) . T he ground agri cu l ture l imestone had a n  average 
puri ty of 94 percent and a neutra l i z i ng power of 96 . 6  percent ( Buc kman 
and Brady, 1 969 ) . 
Tota l tree hei g hts were measured pri or to treatment i n  June , 
1 976, September , 1 976 ,  June, 1 977 , a nd September , 197 7 .  Thi s gave three 
growth peri ods for eva l uati ng response to treatments . 
TABLE 1 .  Description of the treatments tested a t  the Cag l e  s tudy 
l ocation. 
No. Treatment Description Notes 
1 4  NP KL4 1 00 lbs/A. N ,  Pf05 , State requirement for 
K20 and 4 tons ime/A .  fertil izer and  l ime 
1 0  NPKL2 1 00 1 bs/A. N ,  PjOS' State requirement for K20 and 2 tons ime/A . fert. and l ime a t  1 /2  State requirement  
5 NPK '1 00 1 bs/A. N ,  P205 , State requirement for 
and K20 fertil izer but wlo l ime 
6 { 1 /2N )P K  50 1 bs/A. N ,  and  1 00 One- ha l f  State require-
1 bs/A. P20S' K20 ment  N ,  ful l req . P and K but wlo l ime 
1 1  L4 4 tons l ime/A. State req . for l ime wlo 
ferti l izer 
1 9  
7 L2 2 tons  l ime/A One-hal f State requirement 
for l ime w/o fertilizer 
1 2  NL4 1 00 l bs/A. N and State req . for N and 
4 tons l ime/A. l ime w/o P, K 
1 3  NPL4 1 00 l bs/A. N ,  P1OS, State req. for N ,  P, 
and 4 tons l ime A .  and 1 ime wlo K 
B NL2 1 00 l bs/A. N, and Sta te req. for N wlo P ,  
2 tons 1 ime/A. K and  1 /2 req. l ime 
9 NPL2 1 00 l bs/A. N ,  P]05' Sta te req. for N ,  P wlo 
and 2 tons l ime A K,  and 1 /2  req., l ime 
2 N 1 00 1 bs/A. N State req. for N ,  wlo 
P ,  K ,  or l ime 
3 P 1 00 l bs/A. P20S State req . for P wlo N ,  K,  of l ime 
4 NP 1 00 1 bs/ A.  State req. for N ,  P w/o 
K or l ime 
1 Control Check treatment for 
fertil izer and l ime 
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FIGURE 1. Experimental plot layout of the Cagle study location. 
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Soil samp l es were sent to the Agricu l ture Extension Service , 
Nashvil l e ,  Tennessee , and  ana lyzed for pH, phosphoru s , and  potassium. 
I n  J u ne , 1 976 ,  prio'r to treatment,  four random soil sampl es were ta ken 
from each p l ot and composited . In  June , 1 977, four random samp l es 
from each pl ot were obtained and analyzed separately to eva l uate 
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within p l ot variation. These samp l ing  procedures were u sed to c l assify 
pH  fl uc tuations within and between study p l ots. 
C. Ol iver Spring s  Study Location 
1 .  Description of Area 
The Ol iver Springs s tudy l ocation wa s on Wind Rock Mountain on 
a gra ded backfil l of the Dean coal seam. The p l anting site was o n  a 
northwest aspect a t  an  el evation of approximately  2,250 feet. 
Spoil wa s a s ke l etal l oam  with underlying s ha l e. Soil pH  
ranged from 4.4 to  6.2. P hosp horus l eve l s averaged 39  pounds per ac re 
and  potas sium 1 40 pounds per acre, which for agric u l tu ra l crops was 
high for p hosphorus and medium for potassium. 
Prior to study estab l ishment, t he area had been graded according 
to curren t State requirements but no trees had been p l anted. Lobl ol ly 
pine from Hiwassee Land Company ' s  nurs ery in Ala bama was p l anted in the 
spring of 1 97 7. Seed l ing  s tock wa s from North Georgia, a source that 
has been exceptiona l ly hardy when p l anted north of its native range. 
2. Treatments  and Data Col l ection 
Sixtee n  trees were p lanted in each of the'32 treatment p l ots 
{each 0.01 3 acres in size } a t  a spacing of six feet by six feet. A 
randomi zed compl ete bl ock arrangement was u sed with four rep l icati ons  
of  ei ght treatments-< Tab le  2 g i ves a descri pti on of the treatments 
and a schematic diagram of the experimenta l  p l ot l ayout i s  g iven i n  
Figure 2. 
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The vari ab l es tested were: ( 1 ) fertil i zer, (2) mycorrhi za l 
inocu l ation, and (3) a wetti ng agent adverti sed as effecti ve i n  increa s­
i ng soi l permeabil ity and water ava i l abil i ty by breaking the surface 
tens i on. Ni trogen wa s appl ied as  ammoni um nitrate and phosp horus as 
concentrated superphosphate . Fert i l i zer was appl ied to i ndividual  
trees. The. rooti ng area of a seedl ing was estimated to be one and one­
ha 1 f square feet·, a nd a per-acre rate of 1 00 pounds of N and P 
2
0S wa s 
reduced to fertil i ze on ly this area a t  that  rate . Mycorrhizal i nocu l a­
tions i nvo l ved a combination  of three method s: 
(1 ) Dippi ng the seed l ing roots i n  a s l urry mixture conta i ning 
the c hopped basi d i oca rps of P i so1 ithus tinctorius; 
(2) Dusti ng the roots jus t  d i pped with the s pores of dry 
ba sidiocarps ; and 
(3) Dropp i ng several pieces of mycorrhi za l rootl ets i nto 
the p l anting hol e. 
Al l mycorrh i za l  inocu l um was obtai ned from the Cag l e  s tudy l ocation .  
The wetting agent  was sprayed on the soi l surface u sing a hand-operated 
pump sp rayer. The app l ication rate was six m1  of agent to two g a l l ons  
of  water per  pl ot .  
To determine the  growth responses to  treatments, tota l heig ht 
and survival were mea sured i n  October, 1 977 .  Soil samp l es were analyzed 
by the Agr icu l tu re Extension Service, Nashvil l e, Tennessee. 
TABLE 2 .  Descript i on of the treatments tested a t  the Ol i ver Spri ngs 
study l ocati o n .  
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Treatment  
Control 
W .  A .  
Mycor . 
Fert . 
W .  A. and Fert . 
w. A. and Mycor .  
Mycor. and Fert .  
W .  A . ,  Mycor . ,  
a nd Fert . 
Descr ipt ion 
Check treatment for ferti l i zer a nd 
other treatments 
Wett ing agent 
Mycorrhi za l  i nocul um was appl i ed to 
trees 
N at 23 grams and P205 at 20 grams 
per gree were app l i ed 
The above rates of N and P205 p l us 
wetti ng  agent were app l i ed · 
Trees were i nocu l a ted wi th  mycorrh i zae 
p l us wetti ng agent 
T he above rates of ferti l i zer were 
app l i ed to mycorrhi zae-i nocu l a ted 
trees 
Trees recei ved wetti ng agent, 
fert i l i zer, a nd mycorrh i za l  i nocul um 
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CHAPTER V 
RESULTS AI�D DISCUSSION 
A. Cagle Study 
1 .  Ol der P 1 ant;n� 
Of the three growth peri ods stud ied (summer,  1 976; spri ng, 1 977; 
and s ummer , 1 977 ) ,  hei ght growth was greates t duri ng the summer of 1 977 , 
poss ibly ref l ecti ng more favorabl e weather. However, growth over 
control wa s more apparent the previ ou s  summer ( 1 976) , fol l owi ng treat­
ment appl i cati ons early  that June .  Poor g rowth in  the spri ng of  1 97 7  
was probably rel ated t o  wi nter i nj u ry (dessi ca ted fol i age and d i eback ) .  
The wi nter of 1 976- 1 977 was unusua l ly col d .  Two days i n  
December had a maxi mum dai ly temperature be l ow freez i ng ,  wh i l e  i n  
Ja nuary ,  1 6  days had a maximum dai ly  temperature l es s  than freezi ng and 
7 days had a m in imum dai ly  temperature bel ow 0 F (Tabl e B-1 , Append i x  
B ) .  More than 3 0  percent o f  the p i nes i n  some p l ots showed wi nter 
i nj ury fol l owi ng the first winter (Tabl e 3 ) .  W i nter i nj u ry appeared to 
be more severe on trees that g rew the mos t the p revi ous summer ( 1 976 ) .  
Al though wi nter damage wa s s ti l l  apparent ,  trees were recover ing 
by the end of  the second summer . One or more l atera l branc hes had 
rep l aced the k i l l ed termi na l s resu l t"lng i n  cu rva ture of the mai n stem 
and/o r  mu l ti p l e  termi nal s .  
Growth o f  trees recei v i ng n i troge n was greater than contro l s the 
season of appl i cation ( fi rst summe r )  with the excepti on of the treatment 
25 
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TABLE 3 .  Wi nter damage between the fi rst and second g rowi ng seasons 
in the o lder p l anti ng at the Cagl e  s tudy l ocati on .  
Treatment 
Control 
N 
P 
NP  
NPK 
(1 /2N) P K  
Lime @ 2T/A. 
NL2 
NPL2 
NPKL2 
l'ime @ 4T/A. 
N L4 
NPL4 
NPKL4 
Percent of Growth 
Over Control 
First Season 
5 
- 1 0  
30 
5 
25 
5 
1 0  
1 5  
1 5  
-1 0 
1 5  
1 0  
-5 
Percent of 
Trees Showing 
Wi nter Damage 
1 5  
2 1  
4 
22 
1 5  
24 
22 
28 
30 
28 
22 
41 
9 
35  
dup l i cati ng State requi rements (NPKL4) (Fi gure 3 ) . N i trogen appeared 
effecti ve at both the 50 and 1 00 pound per acre l evel s duri ng the 
spri ng of 1 977  and for the tota l  study per i od . 
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Despi te the l ow soi l l ev e l s  of phosphorus, P had no effect when 
app l i ed without n i trogen . However, i t  appeared to prol ong the response 
of N (F i gure 3 ). Potassium i n  combi nati on wi th N and P had no effect 
on the growth. Soi l l evels  of thi s  nutri ent appeared to be adequate. 
Growth was greatest when both N and P were added . The onl y  
stati sti ca l l y  si gni f i cant ( . 05 l evel ) response was for thi s  treatment 
duri ng the summer of 1 976 ( Tab l e A-l ,  Appendi x  A) and only i n  thi s 
treatment was there a growth i nc rease over contro l  i n  a l l growth peri ods . 
L ime at 2 tons per acre ( one-half  the State requ i rement ) i n  
combi nat i on wi th a compl ete fert i l i zer ( NPK)  appeared to i mprove growth 
i n  al l peri ods except the spri ng of 1 977 , wh i ch was p robabl y  related 
to wi nter i njury the previ ous wi nter. At 2 tons per acre, l ime 
appeared to i ncrease the response of N and P .  L ime al one at 2 tons per 
acre appeared to i mprove growth each per i od except the spri ng of 1 977 
where wi nter i njury was probably a factor . Wi th the except i on of the 
season of app l i cati on (summer, 1 97 6 ) ,  g rowth was l ess t han control i n  
a l l p l ots recei vi ng l ime at 4 tons per acre (State requi rements ) wi th 
or  wi thout ferti l i zers . 
2 .  Younger P l anti ng 
As i n  the o l der p l anti ng hei ght growth i n  a l l treatments was 
g reatest dur i ng  the summer of 1 977. Growth over control , however, was 
more apparent the season of app l i cation  ( summer, 1 976 ) .  Average 
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FIGURE 3. Mean height growths in the older planting at the 
Cagle study location. 
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hei ght growth and d ifferences among treatments were sma l l the spr i ng 
of 1 977 (Fi gure 4 ) .  Once aga i n ,  poor growth duri ng thi s period was 
probably  re l ated to wi nter i nj ury .  Over 5 0  percent of the trees i n  
some pl ots were damaged; however , damage appeared to be rel ated more 
to tree positi on and exposure than to treatment effects . 
With the excepti on of the NP treatment, N appeared to stimul ate 
growth the sea son of appl i cation (summer , 1 976 )  (Fi gure 4 ) .  However ,  
i n  the spri ng and summer o f  1 977 , n i trogen a l one had n o  effect ,  
i nd i cati ng � short response durat ion .  
Phosphorus appeared to decrea se growth ,  espec i a l ly when added 
a l one and  to a l esser extent when added wi t h  N (Fi gure 4 ). Potas s i um 
appeared to offset the growth-depres si ng effect of P .  A l though K 
l evel s were s l i ghtly l ower than i n  t he ol der s poi l ,  thi s d i fference 
29 
d i d  not provi de an adequate expl anation for the greater apparent i nf l u­
ence of K i n  the younger pl anti ng . 
Growth was grea ter i n  p l ots l imed at 2 tons per acre except i n  
the spri ng o f  1 977, when wi nter i nj ury may have been a factor; l i me at 
4 tons per acre had no effect .  L ime at  2 tons per acre and n i trogen 
appeared to give the greatest  growth i ncrea se over a l l  growth per i ods 
(F i gu re 4 ) .  Al though l ime a t  the 2 ton rate appeared superi or over thi s 
s hort s tudy per i od , when combi ned wi th fertil i zers the 4 ton rate 
appea red to i ncrease growth. Th i s  was espec i a l l y  true wi th a comp l ete 
ferti l i zer (State requ i rement ) .  
3 .  D i scu ss ion  
I n  the o l der spoi l ,  growth was greatest over the study per iod i n  
the NP treatment without l i me , whi l e  i n  the younger p l a nti ng N with 
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FIGURE 4. Mean height growths in the younger planting at the 
Cagle study location. 
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2 tons of l ime appeared to provide t he greatest growth . Lime t hus  
appeared to  be more important  in  the younger p lanting .  
3 1  
Several fac tors may contribute to the difference in apparent 
treatment  response between the two p l anting s .  The spoil in the younger 
pl anting was much more heterogeneous . Within p l ot pH  variation was 
greater than 1 .0 in 46 percent of the p l ots on the younger spoil but in 
only 25 percent on the ol der spoil . The o l der spoil may have sta bilized 
to a greater extent ,  having a l onger time for toxic meta l s  to l each out 
of the s urface l ayers . This may exp l ain why fertil izers without l ime 
appeared more effective in the ol der spoil . 
The absence of mycorrhizae  in the younger spoil may account for 
the greater apparent response there to soil  amendments. Fertil izers 
added to mycorrhizal  trees on the ol der spoil may have decreased the 
vigor of the mycorrhizae , offsetting any response to treatments . This 
p henomenon has been shown in past  studies (Hacs kayl o ,  1 969; Marx et a l . ,  
1 97 7 ) .  Under such conditions  fertilization wou l d  have been more 
importan t  in providing nutrients in the younger spoil where mycorrhizae 
were either absent or only  weakly  devel oped . 
Abundant mycorrhizae may also exp l ain the absence of a strong 
g rowth response to l iming in the o l der spoil . Past studies have s hown 
that mycorrhizae is a ble to buffer toxic quantities of meta l s  in acid 
spoil s (Marx and Za k ,  1 965; Marx , 1 977 ) .  
The s hort duration of growth responses in severa l of the treat­
ments may be exp l ained by dry soil s .  Ric heson (l 976) found short 
dura tion responses to fertil izers on excessively dry sites. He concl uded 
that fertil ization of dry sites is not economical ly fea sibl e. 
Over the tota l study peri od, l i me a l one di d not i ncrease tree 
growth on e i ther si te . However, combi ned with an i ncreasing  nutri ent 
compl emen t  i n  the o rder N ,  NP ,  and NPK, l ime at 2 tons per acre on 
the o l der spo i l and at both 2 and 4 tons per acre on the younger spoil 
a ppeared to i ncrease g rowth ( Fi gures 3 and 4, pages 28 and 30, 
respecti ve ly ) . Whi l e  l im ing  appears to be more i mportant on younger 
spo i l and where compl ete ferti l i zers were used, the short durati on of 
the study d i d not permi t an adequate eva l uat i on of  i ts effect . 
Grass p l a nted i n  both spo i l s  fai l ed. Thi s was probably due to 
the t ime of appl i cati on (June ) and the aci d i ty of the spoi l .  
B .  Ol i ver Spri ngs Study 
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Al though treatment response was not stat ist i ca l ly signi fi cant, 
trees i nocul ated w ith  mycorrhi zae survi ved better than contro l s  ( 97 
percent compared to 61 percent ) and grew 2 1  percent  h i gher (Appendi x  A, 
Tabl es A-3 and  A-4 ) . Random samp l es of  p i ne roots showed that those 
trees i nocul ated w i th myco rrh i zae had devel oped the characteri stic  
symptoms of  P i so l i thus t i nctorius .  The t i me l i mi tati ons o f  the study 
prevented the evidence of frui ti ng bod i es or other si gns of wel l ­
establ i shed mycorrhi za l i nocu l a t i on .  Mycorrhi zae wi l l  g i ve greater 
growth responses once its deve l o pment  has matured (Marx� 1 975 ) .  
The wetti ng agent and N P  ferti l i zer appeared to i ncrease growth 
but they decreased surv i va l . Growth d i fferences were s i g n i f i cant 
compared to the l arge d i fferences i n  surviva l .  
Treatment response and  survi va l  were strong ly  rel ated to g rass 
competi t i on. Trees p l anted i n  heavy g rass were d i ff icul t to l ocate 
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after one growi ng season . Where l ovegrass (Eragrostis curvul a  (Schard ) 
Ness ) was predominant, tree survival was exceeding l y  poor (Ta ble  4).  
In  contra st � those block£ having  � light to medium cover of fescue 
s howed the highest tree surviva l . May (1 97 7 )  and Baker et  al . ( 1 974) 
found that ferti l izers tend ed to increase grass  competition and 
decrease t he surviva l of trees. 
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TABLE 4.  Tree surv i va l  and grass competi ti on at the Ol i ver Spri ngs 
study l ocat i on .  
Percent 
Tree Predomi nant Level  of 
B l oc k Surv i va l  Grass Spec i es Grass Covera 
1 1 1 . 5  Lovegrass Heavy 
2 26. 0 Fescue Heavy 
3 72. 5 Fescue Li g ht 
4 53. 0 Fescue Med i um 
aLi g ht cover--l ess than 50 percent of  surface a rea i n  g rass ; 
Med i um cover--between 50 and 7 5  percent of surface area i n  grass ;  and 
Hea vy cover--greater than 75 percent of surface a rea i n  grass .  
CHAPTER IV 
SUMMARY AND CONCLUSIONS 
F i nd i ngs rel evant  to efforts to improve surface mi ne recl amati on 
i n  Tennessee were : 
1 .  The State requi rements for fert i l i zer a nd l ime ( NPK  and l i me 
at 4 tons/A. appeared to i ncrease growth i n  non-mycorrhi za l l ob l o l ly 
p i ne p l anti ngs  on recently d i sturbed s poi l .  I n  ol der spoi l (mycor­
rhiza l ) ferti l i zers  at the requ i red l evel but wi th  l i me at 2 tons per 
acre ( one- ha l f  State requ i rements ) appeared to i ncrease growth . 
2. N itrogen was the s i ng l e  most i mportant e lement .  I t  i ncreased 
growth when appl i ed at both 50 and 1 00 pound per acre l evel s wi th P i n  
the ol der spo i l and a t  the 1 00 pound l evel when appl i ed wi th K and l i me 
i n  the younger spoi l .  
3 .  Phosphorus wa s effect ive on ly when combi ned wi th n i trogen . 
4. The on ly  stat i st ica l ly  s i gn i fi cant growth i ncrease wa s i n  
the NP treatment the fi rst sea son . 
5 .  Wi nter damage was grea ter on those trees that grew the most 
the prev i ou s  summer.  
6 .  P i nes growi ng o n  o l der spoi l (mycorrhi zal ) appeared to requ i re 
l ess  l i me than d i d  those growi ng on young spoi l ( non-mycorrh i za l ) .  On 
young spoi l amendments appeared to be neces sary for effecti ve use of 
fert i l i zer appl i cati ons .  
3 5  
7 .  Durati on of response to fert i l i zers i n  young spo i l ( non­
mycorrhi za 1 )  was l onger when 1 i me was added at  both 2 and 4 tons! A. 
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l i me at  2 tons per acre ( one-ha l f State requi rements )  was more effect i ve 
than a t  4 tons per acre i n  the o lder spo i l .  
8 .  P i nes p l anted o n  a surface mi ne rec l a i med accord i ng to 
State requi rements for grass and ferti l i zers exhi bi ted poor surv i va l  
because o f  grass compet i t i o n .  
9 .  On  a young c oa l  spoi l ,  fert i l i zed trees grew sli g htly more 
but exhi bi ted the poorest surv i va l . 
1 0. Al thoug h growth was s l i ghtly g reater i n  p l ots treated w i t h  
a wetti ng agen t ,  surv i va l  was extremely poor. 
1 1 .  Mycorrh iza l  i nocu l a ti on was successfu l  on a young coal spoi l 
where i nocu l a ted p i nes survi ved much  better a nd grew sl i ghtly more 
tha n  p i nes not i nocu l ated . 
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APPENDICES 
APPEND I X  A 
TABLE A- l . Rank i ng of trea tments accord i ng to decreasi ng mean he i ght 
growth and Du ncan ' s  Test at the ol der p l anti ng at the 
Cag le  stu dy l ocati on . 
Change 
Treatment Growth Over Mean Control Duncan ' s  
No . Descri pti on "  Ran k ( Ft )  ( % )  Test 
J une-S�£t . , 1 976 
4 NP 1 1 . 30 30 
6 ( l / 2N ) PK  2 1 . 25 25 
9 NPL2 3 1 .  1 5  1 5  
1 0  NPKL2 4 1 .  1 5  1 5  
1 2  NL4 5 1 .  1 5  1 5  
8 NL2 6 1 . 1 0 1 0  " 
1 3  NPL4 7 1 . 1 0 1 0  
2 N 8 1 . 05 5 
5 NPK 9 1 . 05 5 
7 L2 1 0  1 . 05 5 
1 Contro l 1 1  1 . 00 
1 4  NPKL4 1 2  0. 95 - 5 
3 P 1 3  0 . 90 - 1 0 
1 1  L4 1 4  0 . 90 - 1 0  
A�ri l -June , 1 977  
4 NP 1 1 . 50 7 .  1 
6 ( l / 2N ) P K  2 1 . 50 7.  1 
1 Contro l 3 1 . 40 
2 N 4 1 . 35 - 3 . 6  
3 P 5 1 . 35 - 3 . 6  
9 I�PL2 6 1 . 35 - 3 . 6  
5 NPK 7 1 . 30 - 7 .  1 
7 L2 8 1 . 30 - 7 . 1  
8 NL2  9 1 . 30 - 7 . 1  
1 0  NP KL2 1 0  1 . 30 - 7 . 1 
1 2  NL4 1 1  1 . 30 - 7 . 1  
1 3  NPL4 1 2  1 . 30 - 7 . 1 
1 4  NPKL4 1 3  1 . 30 - 7 . 1 
1 1  L4 1 4  1 . 20 - 1 4. 3  �' 
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I 
TiBLE A- l .  Conti nued . 
Treatment 
No � Des c r i pt i on 
• ... � ... &.' ...... �I "  .. . . ..  � 
June-,Sept . .  .1.977.. 
1 0  NPKL2 
4 NP 
5 NPK 
9 N P L2 
-
1 Contro l 
2 N 
3 P 
8 N L2 
1 2  NL4 
1 3  NPL4 
6 ( 1 / 2 N ) P K  
7 L2 
1 1  L4 
1 4  NPKL 4  
Total 
4 NP 
6 ( l/ 2N ) P K  
1 0  N P KL2 
9 N P L2 
1 Control 
1 2  N L 4  
5 N P K  
2 N , 
8 N L2 
1 3  NPL4 
3 P 
7 L 2  
1 4  N P KL4 
1 1  L4 
45 
Change 
Growth Over 
Mean Con tro l Dunca n ' s 
Ran k  ( Ft ) (%)  Test 
1 2 . 05 7 . 9  
2 1 .  95 2 . 6  
3 1 .  90 0 
4 1 . 90 0 
5 1 .  90 
6 1 . 8 0  - 5 . 3  
7 1 . 80 - 5 . 3  
8 1 . 80 - 5 . 3  
9 1 . 80 - 5 . 3  
1 0  1 . 80 - 5 . 3 
1 1  1 .  75  - 7 . 9  
1 2  1 . 65 - 1 3 . 2  
1 3  1 . 60 - 1 5 . 8  ' 
1 4  1 . 90 - 1 5 . 8  
1 4 . 7 5  1 0 . 5  
2 4 . 50 4. 7 
3 4 . 50 4 . 7 
4 4 . 40 2 . 3  
5 4 . 3 0  
6 4 . 25 - 1 . 2  
7 4 . 2 5  - 1 . 2  
8 4 . 20 - 2 . 3  
9 4 . 20 - 2 . 3 
1 0  4 . 2 0  - 2 . 3 
1 1  4. 05 - 5 . 8  
1 2  4 . 00 - 6 . 9  
1 3  3 . 8 5  - 1 0 . 5  
1 4  3 . 7 0 - 1 4 . 0  
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TABLE A-2 .  Rank i ng of treatments accordi ng to decrea s i ng mean he i ght 
growth and Duncan ' s  Test at the younger p l ant ing at the 
Cag l e  study l ocat i on . 
Change 
Treatment Growth Over Mean  Control Duncan ' s  
No . Desc ri pti on  Ran k  ( F t )  ( % )  Test 
J une-Se,Et . '. 1 976  
1 0  NPKL2  1 0 . 90 64 
1 3  NPL4 2 0 . 90 64 
8 NL2 3 0 . 85 55 
1 4  NPKL4 4 0 . 85 55 
1 2  N L4 5 0 . 75 36 
7 L2 6 0 . 70 27 
9 NPL2 7 0 . 70 27 
6 ( l /2 N ) P K  8 0 . 65 1 8  
2 N 9 0 . 60 9 
5 NPK  1 0  0 . 60 9 
1 1  L4 1 1  0. 55 0 
1 Contro l  1 2  0. 55 
4 NP 1 3  0 . 45 - 1 8  
3 P 1 4  0 . 30 -45 
Aer i 1 -J u ne ,  1 977 
8 NL2 1 1 .  1 0  22  
9 NPL2 2 1 .  1 0  22 
1 0  NP KL2 3 1 . 05 1 7  
1 4  NPKL4 4 1 . 05 1 7  
5 NPK  5 0 . 90 0 
1 Control 6 0 . 90 
1 2  NL4 7 0 . 75 - 1 7  
4 N P  8 0. 70 -22 
7 L2 9 0. 70 -22 
1 1  L4 1 0  0. 65 -28 
6 ( 1 /2N ) P K  1 1  0 . 65 -28 
3 P 1 2  0 . 60 -33 
2 N 1 3  0. 55 -39  
1 3  NPL4 1 4  0 . 3 0  - 67 
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TABLE A-2 .  Conti nued . 
Change 
Treatment Growth Over Mea n Control Duncan ' s  
No . Descri pti on Rank  ( Ft )  ( % )  Test 
-_ ... _. - -
June-Se��. ,  1 977 
' 8  NL2 1 1 .  35 35 
1 0  NP KL2 2 1 .  25 25 
1 4  NPKL4 3 1 .  25 25 
9 NPL2 4 1 .  1 5  1 5  
5 NPK 5 1 . 05 5 
7 L2 6 1 . 05 5 
1 2  NL4 7 1 . 05 5 
1 3  NPL4 8 1 . 05 5 
1 1  L4 9 1 . 00 0 
1 Control 1 0  1 . 00 
2 N 1 1  0 . 90 -1 0 
4 NP 1 2  0 . 85 - 1 5 
3 P 1 3  0 . 80 -20 
6 ( l /2N ) P K  1 4  0 . 75 -25 
Tota l 
8 NL2 1 3 . 30 35  
1 0  NPKL2 2 3 . 20 3 1  
1 4  NP KL4 3 3 . 1 5  29 
9 NPL2 4 2 , 95 20 
1 3  NPL4 5 2 , 75 1 2  
5 NPK 6 2 , 55 4 
1 2 NL4 7 2 . 55 4 
7 L2 8 2 . 45 0 
1 Control 9 2 . 45 
1 1  L4 1 0  2 , 20 - 1 0  
6 ( 1 /2N ) PK  1 1  2 . 05 - 1 6 
2 N 1 2  2 . 05 - 1 6 
4 NP 1 3  2 , 00 - 1 8  
3 P 1 4  1 .  70  -31  
TABLE A-3 . Ran k i ng of treatments accord i ng to decrea s i ng mean he i ght 
g rowth and Duncan ' s  Test at the Ol i ver Spri ngs  study 
l ocat i on .  
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Treatment 
No . Descr i ption  Ran k  
Growth 
Mean (F t )  
Change 
Over 
Control 
( % )  
Duncan ' s  
Test 
3 
2 
5 
6 
7 
4 
8 
Mycor . 
Wett i ng Agent 
W . A .  & Fert . 
W . A .  & Mycor .  
Mycor . & Fert . 
Fert . 
Control 
W . A . , Mycorr. , 
& Fert . 
1 
2 
3 
4 
5 
6 
7 
8 
0 . 875  
0 . 875  
0 . 850 
0 . 850 
0 .800 
0 . 750 
0 . 725 
0 . 575  
2 1  
2 1  
1 7  
1 7  
1 0  
3 
-21 
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TABLE A··4.  Ran ki ng of treatments accordi ng to dec rea s i ng s u rvi va l  and 
Duncan ' s  Test a t  the O l i ver Spri ngs s tudy l ocati on .  
Change 
Over 
Surv i va l  Contro l Duncan ' s  
No . Descr i pt i on Ran k  ( % )  (% ) Test 
3 Mycor . 1 97 59 I 1 C ontro l 2 6 1  6 W . A .  & Mycor .  3 49 - 2 0  7 Mycor . & Fert . 4 48 - 2 1  
2 Wet t i n g  Agent 5 3 9  - 3 6  
8 W . A . , Myco r . , 6 3 9  -36 
& Fert . 
5 W . A .  & Fert . 7 26 - 5 7  
4 Fert . 8 25 - 5 9  
APPENDI X  B 
TABLE B- l . Mean month ly  temperatures and  prec i p i tati on for the Cag l e  a nd Ol i ver Spri ngs s tudy 
l ocati ons . 
Year Stat i st i c s  Jan . Feb . Mar .  Apr i l  May June J u ly  Aug .  Sept . Oct . Nov . Dec . 
Monteagl e Stati on (Approx . 20 m i l es S . W .  of Cag l e  study l ocati o n )  
1 97 6  Temp . 32 . 3  47 . 8  52 . 1  57 . 6  60 . 0 69 . 2 72 . 6 7 1 . 1  65 . 5  52 . 0  40. 0  36 . 6  
Preci p .  4 . 66 3 . 1 2  5 . 34 1 . 3 1  8 . 45 6�86 3 . 83 1 . 85 6 . 02 6 . 55 2 . 24 4 . 60 
1 977 Temp . 22. 3 38. 7  51 . 7 66 . 4  7 1 . 8  76 . 6 74 . 2 68 . 9  54 . 6  49 . 9  37 . 3  
U'1 
0 Prec i p .  5 . 78 3 . 62 9 . 60 1 0. 1 7  5 . 43 4 . 1 0  1 . 99 5 . 50 9 . 63 6 . 96 1 2 . 29 3 . 69 
Crossv i l l e  Stati on  (Approx . 40 m i l es W .  of Ol i ver Spri ngs  study l ocat i o n )  
1 977 Temp . 22 .  1 3 7 . 7  51 . 8  59 . 9 67 . 8  72 . 8  78 . 1  76 . 9  7 1 . 5  53 . 4  50. 0 36. 8  
Preci p .  2 . 42 2 . 58 5 . 75 1 1 . 07 3 . 55 4 . 83 2 . 59 5 . 55 7 . 1 9  6 . 24 8 . 30 4 . 03 
TABLE B-2 . Soi l  ana l ys i s  ( p H ,  P �  and  K )  for 1 976  and 1 977 i n  the ol der p l anti ng at  the Cag l e  s tudy 
l ocati on . 
Treatment pH P ( l  bs/A. ) K( 1 bs/ A.  ) 
No . Descri pt i on 1 976 1 977 1 976 1 977 1 976 1 977 
Contro l 3 . 7  4. 1 4 3 1 20 1 52 
2 N 3 . 9  4 . 0 3 3 1 20 1 57 
3 P 4. 0 4 . 2 3 7 1 70 1 72 
4 NP 3 . 7  4 . 0 4 6 1 30 1 45 
5 NPK 3 . 6  4 .  1 7 6 1 25 1 72 
6 ( 1 / 2N ) P K  3 . 8  4. 3 3 5 1 50 1 67 
7 L2 3 . 9  4 . 5 4 3 1 45 1 69 
8 NL2 4 . 0  4 . 3 3 3 1 40 1 36 
9 NPL2 3 . 9  4 . 5 4 7 1 85 1 6 1 
1 0  NP KL2 4 . 0 5 . 0  5 1 7  1 60 1 65 
1 1  L4 3 . 8  4. 8 5 6 1 60 1 62 
1 2  NL4 3 . 9  5 . 0 3 3 1 55 206 
1 3  NPL4 3 . 7  4 . 5 4 1 0  1 1 0  1 47 
1 4  NP KL4 3 . 7  4. 2 3 8 1 20 1 49 
01 
...... 
TABLE B-3 . 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
So i l  a na ly s i s  ( pH ,  P ,  a nd K)  for 1 976 and 1 97 7  i n  the younger pl ant i ng at the Cagl e 
l ocati o n .  
Treatment pH P ( 1 bs/A. ) K (  1 bs/A. ) 
Descri pt i on 1 97 6  1 977 1 976 1 97 7  1 97 6  1 977 
Control 3 . 5  3 . 9  1 7  1 1  1 25 1 1 9  
N 3 . 3  3 . 8  1 1  1 0  60 70 
P 3 . 4  3 . 8  1 8  3 5  1 1 5  89 
N P  4 . 0  4 . 0 3 6  2 2  1 20 1 1 4 
NP K 3 . 9  4 . 4 2 0  22 1 20 1 49 
( l / 2 N ) P K  3 . 6  4 . 0 1 5  23 1 1 0  1 1 6  
L2 3 . 3  4 . 0  1 2  1 2  55 95 
NL2 3 . 9  5 .  1 28 2 1  1 1 0 1 32 
NP L2 3 . 7  4 . 5  2 0  24 1 35 1 32 
NP KL2 4 . 1  4. 7 22 40 1 5 5 1 83 
L4 3 . 7  4. 2 2 0  1 0  1 1 5  97 
NL4 3 . 5  4 . 4  1 0  1 1  1 1 5  1 08 
NPL4 3 . 5  4 . 6 1 6  1 8  90 1 05 
NP KL4 3 . 6  4 . 5  1 9  1 8  1 30 1 61 
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